In this paper, we consider nth-order two-point right focal boundary value problems
Introduction
In this paper, we shall discuss the existence and uniqueness of solutions of right focal boundary value problems for nth-order nonlinear differential equation As it is well known, the right focal boundary value problems have attracted many scholars' attention. Among a substantial number of works dealing with right focal boundary value problems, we mention [-, -].
Recently, using the Leray-Schauder continuation theorem, Hopkins and Kosmatov [] have obtained sufficient conditions for the existence of at least one sign-changing solution for third-order right focal boundary value problems such as
conditions and the linear growth conditions. Motivated by [] , in this paper we study the solvability for general nth-order right focal boundary value problems (.), (.). The existence and uniqueness of sign-changing solutions for the problems are obtained by Leray-Schauder continuation theorem and analytical technique. We note that the nonlinearity of f in our problem allows up to the superlinear growth conditions. The rest of this paper is organized as follows. In Section , we give some lemmas which help to simplify the proofs of our main results. In Section , we discuss the existence and uniqueness of sign-changing solutions for nth-order right focal boundary value problems (.), (.) by Leray-Schauder continuation theorem and analytical technique, and give two examples to demonstrate our results. Our results improve and generalize the corresponding results in [].
Preliminary
In this section, we give some lemmas which help to simplify the presentation of our main results.
Let AC[, ] denote the space of absolutely continuous functions on [, ], and
denote the Banach space of (n -) times continuously differentiable functions defined on [, ] with the norm
with the norm u = u C n- + u 
. Then the solution of the differential equation
where for p >  (
and for p = ,
Proof Firstly, let us show the lemma for case p > . Since
we have that for j = , , . . . , n -,
where, for j = , , . . . , m -,
It follows by Hölder's inequality that, for each j = , , . . . , n -,
and consequently, for each j = , , . . . , n -,
It follows by (.) that for j = m, m + , . . . , n -,
For j = , , . . . , m -, by Lemma ., G j (t, s) is nondecreasing in t, and thus
Hence, by (.) we have for j = , , . . . , m -,
In summary,
Next, we show the lemma for the case p = . It is easy to see that for j = m, m + , . . . , n -,
and thus for j = m, m + , . . . , n -,
Also by Lemma ., we have for j = , , . . . , m,
so that for each j = , , . . . , m -, G j (t, s) is nondecreasing in t, it follows that 
Thus for j = , , . . . , m -,
Lemma . ([] Leray-Schauder continuation theorem) Let X be a real Banach space and let be a bounded open neighbourhood of  in X. Let T :¯ → X be a completely continuous operator such that for all λ ∈ (, ), and u ∈ ∂ , u = λTu. Then the operator equation u = Tu
has a solution u ∈¯ .
Main results
Now we are ready to establish our existence theorems of solutions for nth-order right focal boundary value problems (.), (.). The Leray-Schauder continuation theorem plays key roles in the proofs.
. . , n -, and a constant σ >  such that
(ii)
where the constants A j , j = , , . . . , n - are given in Lemma .; http://www.boundaryvalueproblems.com/content/2012/1/60 
We also define a nonlinear mapping
Then, we note that N is a bounded continuous mapping by Lebesgue's dominated convergence theorem. It is easy to see that the linear mapping
one-to-one mapping. Also, let the linear mapping K :
be defined by
where G(t, s) is the Green's function of BVP in Lemma .. We now apply the Leray-Schauder continuation theorem to the operator equation u = KNu. To do this, it is sufficient to verify that the set of all possible solutions of the family of equations
with boundary conditions
is, a priori, bounded in W n,p r (, ) by a constant independent of λ ∈ (, ). Suppose u(t) ∈ W n,p r (, ) is a solution of BVP (.), (.) for some λ ∈ (, ). Then from (.), (.) and (.) in Lemma ., we obtain
Consequently we obtain
Now we have two cases to consider: Case . b = . In this case (.) becomes -a u
. Thus from (.) in Lemma ., we have that there exists a constant M >  which is independent of λ ∈ (, ) such that From (.) in Lemma ., we get
where Next, we give some results on the uniqueness of solutions for BVP (.), (.).
where the constants A j , j = , , . . . , n - are given in Lemma .; (iii) Proof We note that assumption (.) implies
for a.e. x ∈ [, ] and all (u  , u  , . . . , u n- ) ∈ R n . Accordingly from Theorem ., BVP (.), (.) has at least one solution in W n,p (, ). Now, suppose that u  (t), u  (t) are two solutions of BVP (.), (.) with u
. Then w(t) satisfies the boundary condition (.) and
Similarly to the proof of Theorem ., we can show easily that Finally, we give two examples to which our results can be applicable. 
